he problem of projectile motion in a constant gravitational field, in the absence of air friction, is one of the most discussed problems in several physics textbooks. [1] [2] [3] One well-known result is the formula for the range of a projectile:
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where is the initial projectile angle, V 0 the initial projectile speed, and g is the acceleration due to gravity. An interesting property of (1) is the symmetry:
which defines two different trajectothis presumption is wrong. But (2) also tells us something else: For a given ⌬, there is a special initial angle 0 * for which ⌬R = 0. In fact,
and, since ⌬ is small, 0 * will be close to (/4) (45Њ). Now, let us consider the relative error in the projectile's range in more detail:
Using sin(a+b) = sin(a) cos(b) + sin(b) cos(a), we can recast the magnitude of the relative range error as ries with the same range: a "short" one, with < 45Њ and a "long" one with > 45Њ. Now, suppose that the initial angle contains an error ⌬ around the intended initial angle 0 , that is, = 0 + ⌬, where ⌬ is a random number in the interval (-W,W) with ΗW Η << 0 . This uncertainty on the initial angle will result in an uncertainty on the trajectory of the projectile and will, in particular, give rise to an uncertainty ⌬R on the range of the projectile. We might be tempted to venture that the "long" trajectory is more affected than the "short" one by the initial angle error, since, after all, the "long" trajectory spends more time in the air. A look at (2) with = 0 + ⌬ is enough to convince us that Figure 1 shows Η⌬R/RΗ versus the intended initial angle 0 , for several uncertainties in the initial angle, ⌬. As expected, as ⌬ is raised, the global relative error in the range rises too, but for a fixed ⌬ we notice an interval, symmetric around 0 * , where Η⌬R/RΗ is small. As anticipated in (3), this region falls in the vicinity of 45Њ for small ⌬.
What about other projectile observables, such as maximum height or flight time? The reader can easily verify that these other observables, while monotonically increasing with ⌬, are monotonically decreasing with increasing 0 . For instance, the relative error in the time of flight, is given by
and is plotted in Fig. 2 .
Therefore, the range of a projectile is most insensitive to aiming errors when the initial angle is close to 45Њ, whereas the other observables such as maximum height or flight time are most insensitive for near-vertical launching conditions.
